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SCOUe Ane. ObWice cade 


ny The purpose of this research Investigate.) eee 
design and fabricate a Large Scale Pullcut/Creend Device 

ie (LSPCD) to isolate and G€@valuate the paranete. 32a 
affect the restrained pullout and creep proper tlecec. 

. extensible earth reinforcement: The analyses Presenrvee 


in this report focus un the interaction of a pol este. 


yi 

o% geogrid material ina cohes:onless soil under a variety 
e of boundary conditions. <7, | : 

- 

A review of ex1sting equipment and méethecelore a 
‘. presented for constrained tensile strength and 

L.- 

“ constrained tensile creep analyses. The analytical 

ie methodology for the LSPCD 18S presented for both tyvoesuc. 
is 

: analyses. Evaluation of geosynthetic strain 1s discussed 
nt and several alternatives for equipment design are 

= Evaluated in the investigation. 
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ae, Terminology 


Be The evaluation of control, index anda perio ae 


properties of geosynthetics requires a wide variety of 
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oieee 


equlpment designed specifically for the application. New 


test methods are developed and Exlsting metnodserevised 
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nos tmomwa dally Dasis. For these reasons, it 15s 

aot were LO Bmee tlie Lee terminology used 2n.the report. 
Tare tf OUrRewene Gerinmereons are based om) the most recent 
Wsage Qewcurrent “Titerature: 

The LEER) FOSS RUNOLES ee ges to the broad 
Seecememm Of Meatemlals ew ch eewien used in conjunction 
with soil cr rocK materials, improve the newly formed 
eemposite system. Geosynthetics are further divided 


into three areas; geomembranes, geotextiles and 


~ 


é 
— } 3 i] 


gecerids. 4 “ e) 


MePeCOMeMDhane, according to the American Society 
Poe LeStime sana Materials (ASTM), is defined as: "Any 
impermeable membrane used with foundation, soil, rock, 
earth, or any other geotechnical engineerling-related 
Material, as an integral part of a man-made project 
structure or system." Geomembranes, due to their low 
permativity and high resistance to deterloration, may be 


WSedeer COnjJUNCtion with natural materials to improve 





tine pertfcrmance of waste containment facilities. 


Geotextiles rerer to a Knitted, woven or non- 
Woven permeable textile used with foundatlon, soll, rock 
earth or any other geotechnical engineer:ing-related 
Material, aS an integral part of a man-made project, 


meewewlre Vor system (Chrastopner and Holtz, 1984). 
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Geogrids are materials which include webs. ne 
and formed plastic sheets, used in an appl iecauvenwe 72a 


reinforcement of the sdslil structure 1s Ges). 


The ability of a geosynthetic to pertogne 7. 
function of its mecNnNanical and chemical prope (ic... 
Varlety of test methods have been devised to cefine 
these properties. Unfortunately, the inrluence ei 
egal Slgnificantly attects the property bernie 
analyzed. Three approaches are used 1n geosynthetic 
property analysis; control tests, index tests and design 


or performance tests. 


Control tests are used by manufacturers to Nelp 
ensure that the minimum roll properties are achieved or 
surpassed. Common control] tests would be dens@tyeaea 
thickness determinations, specific gravity and iImn@some 
cases unconfined tensile tests may be performed. As no 
standard procedures exist for control] testa. 
comparisons of data between manufacturers is extremely 
Gi-f2 Vere Consequently, control test data are used to 
evaluate unlformity and consistency of the geosyntmeric 


and should not be used 1n actual design. 


Index tests are used to evaluate material 
properties under controlled laboratory condita] 


Unconfined tensile strength and tension creep analyses 


are index tests which may be performed for several 


ees mere les meer tOemeleal “esting conditions. These 
a@eryses May be compared to evaluate the relative 
performance @f these geosyntnetics. However, the 

| DoMMdary COndmelens Used to per rtorm Index tests do not 
SPeGOximate tleld comditions. Consequently, index test 
values are not appropriate for design. To properly 
aceoumt fOr soll=-peosyntheti¢c unteraction, design or 


performance tests must be utilized. 


oP ge) 


In design or performance tests, the geosynthetic 
Momeested UmMGder Conditions which simulate field 
Gonadal 10ns. Solr type, cCconrinement and loading 
Conam.loms a ana COmplex stress transfer mecNnanisms which 
may exist between the soil and reinforcement are 
duplicated by the performance tests. the mechanisms of 
this load transfer are not well understood and may vary 
between geosynthetics. Since performance tests allow 
Someawtions “fr the load transfer mechanisms to ‘Se 


modeled, the results of the analyses may be used in 


design. 





A geosyntnhetic structure may fail by internal or 
Sener aicaiemedis. excernial tailure results from the 
Chal leenstab lity er the structure. Possible failure 
Meeeaanrtsms 2er ao retaining structure are those due to 


| Sivatim@e, OVerturming or insufficient bearing capacity. 


(yt 


In foundation applications external tallure voules 


te bearing capacity talilure. These mechanisms may be 


b~ 


analyzed using conventional approaches. Three possible 
internal failure modes @exX1st for geosynthetic Frein egead 


structures; creep, pulloutwor cievure. 


Polymeric materials ana@ soils (6x40 bit time 
dependent benavior. The time dependent deformation of a 
specimen under constant tensile stress 1S termed creep. 
In comparison to soils, Be€OSYN CNEtICS arena). 
Susceptible to creep. Fortunately, the confinement of 
the geosynthetic Dy soll reduces creep ettects, Coenrrtnee 
tensile creep 1s the creep of a material constrained by 


a frictional medium: 


If an increasing load is -apeliea tora 
geosynthetic confined by soil, the eceosyvneiet er 
eventually fail. The failure will be Dy either pullout, 


rupture or a COMDIN2t16on 6f tae ncro- 


If the frictional rorces and passive resistance 
are insufficient to constrain the @e0synthneti ic Sane 
forces develoved within the geosynthetic are less than 
those required for failure, the geosynthetic willis eee 
along the soil interface. This sligimekis eter 7c 
pullout. Sliding may also occur along some weak plane 


within the so1l matrix. In this fallureemed] 
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Ca aaea elon, “the eeOsynchetic 1s of surticient 
S2iemee eto 4 cestaia ~mS imposed load and is of such 
PeOMetrymeOrarrest tmMe Soll matrix forcing the soil to 
Pele cma a OCatrom removed sre0m the soli-geosynthetic 
interface. HOweVem tr thre geosynthetic is sufficiently 
amenecred, and the stresses within the geosynthetic 
exceed the contined tensile strength of the material, 
Vaiemreosymtnetie will fail. Such failure 1s termed 


Suture. 


Gontrmned temsile strength is” defined as the 
Remove Strenetil os tme peccSyrntmetic while constrained 


Mina frre clornal media. 


Background 


Meme rt TOrus Or man te. improve Sorl- conditions to 
Nis advantage are wel! documented. Early efforts such as 
meme Wse Ct reeds tor adobe bricks and roadway 
Seto elicit on Have heen in use for centuries and are in 
Baew west ril extensively used in South America, Southeast 
Aslasamemmany Aeveloping nations (Christoper and Ho}] tz, 


19864). 


Henrt vidal (1978), who pioneered the use of 
Gem romecome at th ti) the 1960's, brought to the forefront 


the advantages of tension reintorcement to tmprove 
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2 Structure was ObDsevv eae lewe. 
noticeably stes#ner than thre 01!l6@sG2 SsSange- 70 eee 
Dine needles. “nese simple observations ied tovmone 
complex investlgations and finally te the patent otey ee 
Vidal termed “reinforced earth". 
The concept of reinforced earth Consists oreteu 
primary elements: 
i. A SOL] BDacktt]) whiten ore, idecmeae 
overburden oressure, tne <ompress ten 
resistance and shear Stren ta, 
2. Tensile reinforcing Stripes Wile meron 
pseudo coherent material with tne sol iece 
resist tensile Stresses, 
3. Facing elements at boundaries which prevent 
ravelling; and, 
4H, Mechanical connec l1lons weet veo 
relintorcements dtid facing Clee 2 ssa Cec 
1973). 
One of the major concerns with reintore=da earth eiiace. 


to the lone term durability of the metalsitgaips: 


Tne recent €aln in popularity of feos ym eet 
the construction industry comes aS enO seam eee 
several applications geosynthetics Nave proven sa 


ability to substantially improve uponvex Vs Diario 
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Seeo 21S dead. Site. Seosvi. te. 'os Cam De usec in a 
ToG@lety of Sltllatloms and Nave been found™ to be 
reliable, durable and easy to install. Figure i-t! 
Gewarisssome Common rernforcémen®™ applications for 
geotextiles. Unfortunately, as with most engineering 


rete riadl Ss, adequate testine lags behind appiication. 


Due to the lacK of performance test data, 
engineers have been forced to utilize the results of 
index tests in tne design of geosyntnetic reinforced 
StEVUGCtUres. Inoaex tests provide relative comparisons 
between geotextiles yet provide very little information 
regarding the in-soil performance. As a result of the 
Facnewor til=-sOL}) Gdata and the fact that there exists very 
littie long-term field data, designs have typically been 
somewhat overconservative or based on simple (hopefully 
GOnSerVYatles} designs. AS W1lll bdDe discussed, the 
Martluence of soll on the performance of the geosynthetic 
Ps esupniricant. Nees tands to reason that to properly 
Veet sOLl-EcOSYNtnet lc interaction in=so1ll] tests 


Mise Pperrormed Under conditions which simulate field 


comaitlons. 


Creep, tne Slow continuous deformation of a 
tiecmualuieet COmMaUMtLoms Of Constant stress, 12 a 
Phenomena of great interest 1n all engineering 


Materials. Greepe eiavior Of peosynthetics Nas been the 
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FIGURE 1. COMMON EXAMPLES OF THE APPLIC ATTON OF INTERFACE FRICTION PROPERTIES 


FOR THE DESIGN OF GEOSYNTHETICS IN ENGINEERING WORKS 


Figure t--!. Common Reinforcement Applications. 
(After Williams and Houlihan, 1987). 
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Reems O fea.  Clll as attention (Coleman ama snox, i957, 
Memeo YeeCtuai es te) 0, “HOltr et al, i{9a8¢e€, Onaran and 
Peeve yo eo wane. oly eSwacd. anc Sell], 198e€). Po .certain 


Serie Ome SUC Was) the relnrercemen: or embankments 
Pom mereetancous,) VWaSteS ~Or retalnineg wall reinforcement, 
eres eeOrmtGeresul ts May follow should the structures be 
designed without regard to creep as a design parameter. 
Owmetmie  Obler Nand, “excessive conservatism reduces the 
SosSueetfectiveness of gpeosynthnetie reinforcement and may 
PovemOotujvereaesianzn alternatives appear more attractive. 
Pome mNenanalyticalt Methods improve, more accurate design 
data will lead to improved design methods anda better 
Maaetotanaing of the mechanics of the soill/geosyntnetic 
Meer aet1On. Tis in turn will provide the basis for 
BesseCOmMaemvatllve, more cost effective use of 


PEOSyYNtNetics yn engineering works. 
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PACTORS iNrLUBNCING PULLOCULR eee. 


OF GsOSTATHETICS ii a SOU... 


Creep of geosynthetics 1n a soll Matrix 1S a Compiles 
process involving both the interaction Of ee ner sc i aeawe 
gpeosynthetic at the interface and the transfer of shear 
Stress to both the soi! and the geosyvnthéetic. Since 
are composed of discreet particles, particle reorlentauren,. 


occur under the sustained loads 1wirl)ilams =e 


ALORS the plane7e- maximurn shear stress in the soe 
bond strengths vary due to the mature OF thewear Urea 
contacts. Shear stresses are typically = oubrliZeamaloucwan 
area of weak bonds followed Uy a transter of lode tome 
stronger bonds. The progressive nature of this SAear Sere 
distribution results in the process of creep (Carrs tense 
et a!, 1964). Mitcheil (1964) postulated that the change oF 

reep rate with time may be attributed to changes withing. 


Soil structure f0r atg1venvsco.. 


Total creep strain cam Se Givicede one 
components, volumetric creep and deviate, 14s (7, 
Volumetric creep, or secondary compression, Fes) se yore 
hydrostatic stress condition under drarinedvcotc 


When shear stresses ure imposed on the specimen Geviavowrte 


ey 
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a a eee we ie ke ee et ered eres wee ww eee wee wee ee 


ee eee ae ee we OO Oe tee Shear Stresses are less than 
meso meee Ute emo 7, elo o OCCUr, tne Material will deform 
eee oO. tows ot raln at constant deviatoric 


Saree oo Ll 


the Geviatoric creep. late -Geésiecuvorf 


9) 


BeOS meme te Feltmtorceae Structures, changes in skape or 
fee omeaiG Ces ormathom of tme structure are functions 


Semume Geviatoric creep of the system (Williams, 1986). 


The factors which influence creep or the deformation 
Miecmomena OzewsOlls a. Ssdbtrallvure stress conditions also 
Merlbuemece tlre fallure of the Soll] at larger stresses 
weecemie ia wigos). AMalysis of deformation or ecullibrium 
conditions at a State of stress just below failure 1s termed 
limiting equilibrium analys1ls and extremely important in 
er rvil engineering cCesiegn. In addition, with the Knowledge of 
the stress state which produces failure, creep analyses may 
pe performed. The creep analyses are performed at specified 
Beress bevels, where the stress level 1s defined as a 


Memecencare sorte ciat Stress required te produce fa1lure. 


Tae emes cecomimon relationship used to describe the 


Pawedire envelope in solls is the Mohr-Coulomb theory which 


Sratces that: 


Te = C toed = t an) (ec. 1) 
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where: TF - Shear Stress at) failure Cee i 
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e - cohesion intercest (AE oe 
Oe - normal stress (FL ~ ) (“ane 
4 - angle of internal e262 Ge comes 


Tne equation 1S an approximation of the yield tumetioenumees 
solls and may be in terms of elther total or S2trteee 


Stresses. 


A more complete form of equation (e.1) has been 


suggested by Mitchel! (1976) to be sot "thew rerm. 


Snearing Resistance : Fleso rc G Siege eee (2.2% 
where: e =) “VOid Paco 
c =) S€OMmpos ) tvon 
H = (Stress story 
a - temperature 
E - Seige) 
é - Strat race 
> - structure 


The introduction of a polymeric Material) ee 
soil structure results in additional factors wale 
be considered in the analysis of the system. These 


additional factors are SuMmmarizea fea eK 
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MeachORS INFLUENCING PULLOUT ANDSCREEP 


OP SGZOSTRTMETICS 234 SOIL MATRIA 


SO Ssh yc7 (Ose Woe sas eS 
Posie wor Laternal frietion 
Void ratio / Relative density 
Stress Stace 
SOulestrecture 
Stress: History 
GlOstNtTHaT IC CHARACTERISTICS 
Geosynthetic type 
iniwerrace trevction» angle 
Aanes Pon 
fensionm es hastlecaMcanuius 
surface roughness 
Geometry ana Construction 
Confined Tensile Strength 
PATERNAL FACTORS 
Temperature 
Ground Water 
Tame 
SOnStruction- metnods 
Ultraviolet exposure 


Chemical degradation 
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Erdbaumechnanik, which marked the fl1rst systematic treater] 
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The void ratio of a so1l 1s détfined as tme raze 
between the volume of voids (Vv) and the volume of solids 


(Vs) “@XPresseduac. 


@ = VV/V¥s (2. 5 


Void ratio 18 strongly intluenced Sy  eartiel ese 


distribution and shape. Terzaghl (1960)" hypothesized 





that shear force 1s directly proportiocona! to the areanmon 
contact between soll particles. Sinace creep may be viewed as 
deformation under stress states less than those that pro@dugs 
failure, contact area would appear to Nave a proportionate 
afftect on creep behavior. Figure e-1i demonstrates the effect 


of ‘contact “ared, 


The effect of Vold ratio On anelewort 2 eae 


friction for a concrete sand 1s SHROWReIn Fale see -2 ae 


void ratio 18s reduced, interparticle CONtacts Dpetweenweee 


xACtually introduced 1n his 1Sea5eeubiiGcatie, 


Of soll Mechanics and its applications to {foujGa aoe 


engineering and related fields of civil engineering. 
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Farticle packing and void ratio (after 


Terzagm?, (1960). 
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meatne <=2. Effect of void ratio on frictiom angle and shear 


stress for a concrete sand. 


(2) Compocted by shaming 
LOOSE AND COMPACT STRUCTURE OF SAND 
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soil Darticles incerease. THis results in Higher sore... 


for the Sdeclmens at tover Yold 7a to. 


The relative density, Dr, 1s frequently useage 


characterize the density of a granular sol... 





e ae e 
Nl (100%) (2. 4) 
max rae 
where: e a - vold ratio of sSo11 in Genmsest esta ae 
m 
e - Vold ratl1lo of Soll in loosest es727— 
max 
@ - in-place void ratio 


Evaluation and control of the vold ratio 1s"9a uaa 
factor both in design and creep analyses. In ofrecer. 
sustain repeatable results in creep testing the soll shower 
be placed and compacted ina uniform manner to assure 


Uniform GLlstribusionseot ene sone 


Angle of Internal PrRriccren 


The angle of internal friction or fricti@m anes 
@? , occurs from the interparticle shear resistance inherent 
vO sols, The angle of internal friction Integracesua 


those factors of resistance to grain displacemena- 





ics 


See eonmmec rs 1S shiv tting, rolling, sliding, and 
Gigvaeronwwanma those factors which depend on the so1] 
meme ea lee pertici=e angpularity, roughness, sprericity, 


PeadatlOnm ama reiative density (Sowers, i9T9). 


Revcmuevee jmeconclided that throughout most of the 3 
range of void ratios, three components contributed to the | 
MUmene ti Of Branular Materials: 1) streng?h mobilized by = 
moeoeuoOmdl!  lesSlStancey Or DaSlecumimera, Etrlction; de) strength “4 
Boole ecetO rearrange ano reorient Soll particles; and 3) os 
strength developed by energy required to cause expansion or 2 


dilation, of the material. Figure 2-3 disvolays how these 
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mamree factors relate to relative density, void ratio and 
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Picmiimke tom amp le describes a limiting condition for 
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mime SOll at a given stress State. The interface friction 
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angle, designated Oe witenm iswthe frmetional resistance to 


A 4 


deformation at the soll/geosynthetic interface, is related 
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momeeme angele Of Internal friction of the soil. In creep 
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Investigations a specimen 1s loaded to a specified stress 
Mevel, tO1lowea by the observation of stralns and strain > 
fmmees. otress level 1S a specific percentage of the stress 


Pequired to produce failure given similar boundary 
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Figure 2-3. The three compomemts CONtCF 1 butting w@eowene 


strength of granular materials (after Rowe, 
ervo We J 5 : 
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PGleeist GUuUG use 2Yacilvaces the cembined efttrects of 


Pooric.) COMpoOsitlon and interparticle forces. 


jo Ps 


Fabric refers to the arrangement of particles, 


Beet lcle Sroups and pore spaces within the soil. In soulls, 


. - 2 a . . s e 
, ¢ ¥ I U oy a 
. —— a | 
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RPemtrchesS Vary Im size. Gradation of a SO1l mass 18 4 


Mudamtitative evaluation Of the variety of particle slZes. 





In the case of well graded soils, or those which have a 


smooth distribution of sizes within some range, the trend 


a < 


Soi "0 ele | 


LJ 
by Aa 


Wiil be towards higner densities and lower void ratios than 


5 2 


? 


soils with unlform gradation (1.e. particles all nearly the 


seme size). The most common method for determining particle 


“. c. weer 8 * 
s a = 


Piece tor granular materila.s 1s by sieve analysis (ASTM 
D4220-63). Meta-stable stru.tures, which result from 
Serntain Gepositironal situations for granular solls can have 
MemyeDteh Yorg ratios (Holts and Kovaks, 1981). In compacted 


soils, ameta-stable structure would not be encountered. 


Pcmeositcron refers to the mineralogy of a so1l and is 
mma jOr tactOr in determining the shape, the texture and 


Susceptibility ts weathering of a granular soil (Lambe and 


moaltman, i969). 


Angularity refers to the degree of sharpness of the 
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Since densé@ sands eiiage 
Guring shear (Casagrande, 1940), angulerity will essa) 
an interlocking of the soi! parkiclss anala= 7 eee 
2rictional characteristics of dense and 1oeosewsa 
Pounded particles will recuce snear strenaeth and, alleoues, 


factors being equal, will result in more creep than a mau. 


eomposed Gof aneulartean ec os. 


For most granular sol1ls, interparticle torces mews 
only a minor role in benavior. 2xceptilons are 7 ougaed 
extremely fine quartz dust and the micas (Lambe and Whivmad 


1955). 


Duplication of soll Structure fnew expen men 
investigations will lead to more reliable predictions. 
field response. This may be accomplisned Dy viclilown. 
standard procedures of compaction and CONtro! of mol. ae. 


conditions, which can be repeated from test. to 974. 


Stress State 


The effective stress, which 1s the difference Detveen 
the the total stress and the neutral stress, represents soe 
part of the tetal stress whicn produces measuradle es... 
such as compaction or an lncrease if sne@ariIne whos eee 
(Terzaghi, 1948). SkKempton (1960) pointed Out that 


actually a close approximation which produced) eae. 








MoraesOlu es tructure 1S loaded the pore wate> 
Meets yee e4es Of all ot the load resulting in an increase 
im pore pressure. if drainage is allowed the pore water 
Sieatreesm2ron tie Imoocsed pressure and the soil gradually 
Sapeerts more of tre load. These analyses are frequently 


Meceomolisned In a triaxial chamber. 


POM mCmsteS Clee Of SeCOSYMNemetlGCsS IN SOLIS 140 125 
MoPertcant tO Simulate both the fleld drainage and stress 


Cormart lors, 


Beeosymcmet lec Chamacteristues 


Geosymthetic Type 


Soil reinforcement by polymeric materials 18 


Primarily accomplisned through the use of geotextiles and 


meoprids. 


Secwexulles are generally classified by their 
manutacturing process. Ihe three main geotextile types are 
woven, nonwoven and Knitted. Polyesters, both woven and 


menwoVenl, are commoniy used in reinforcement applications. 


Woven geotextiles are composed of two sets of 
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weave pattern 1s generated By tne method in Which the tre 


S@2®ts Of Yarns are intesla2cec: 


Nonwoven geotextiles are formed from fibers arran-ee 
21m an oriented or random pattern to form a planar Steu7e.e 
The fibers are bonded by chemical, thermal en mecean ne 


means. 


Knitted geotextiles, which are formed by the 
interlocKing of a series of loOODS Into a planar ys 304 1a 


are infrequently used in reinforcement appl tca_ten.- 


Geogrids are manufactured by two different methods 
of polyester, polypropylene or polyethylene polymers. 
These geogrids are typically produced by a drawing 
techn aque. This 18S accomplished by first €4thud Gig 
polymer 1namolten form througn a die, and mechanical 
stretcning the material as 1 cools.) Tivs eres cea 
orientations of the hydrocarbon chains within the suri 
This orientation resuits in incredsed tensile Strenevieene 


improved ductility of the thermally extruded 0017725 


Geogrids may be produced by two-dimensional 
elongation of perforated sheets. This process Fesa hts 
planar material with strands orlented Unethe mac ae 


direction and ribs oriented in the Cross eoiyec ocr 
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Soe oOmcolwmere th) Serpemdicular directions and Sond tne 
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wo strands Dy Neat welding or interweaving. Junction 


simemetis are generally vapopreciably lower tnan than ~ 


ro 


e 
mumctlom strengths of the geogrmids produced by the 


EwWoO-Cimension2ai elongation processes. 


The magnitude of tne shear strength developed at tne 
Pee eeosyitiie lc Pontertface 1s a function of the degree of 
PmterlockKine between the sol] and the geosynthetic. 
Meee ercs, pecue to thelr of277 nature, result in high shear 
Restsotamee Gue to the development of passive resistance 
Serine detormation. SerCeie Saeore time sjUMetlons 1s critical 
meice VetmvyeslPcCCle Sear resistance ts developed along the 
Smooth polymer face. Specimen geometry, therefore, plays a 


Melt hedic) FoO1e Inert eraGwiyon behavior (Christopher and 


MotZ, i984). 


Macertace rriction Angle / Adhesion 


Friction along the interface between soll particles 
mao a eeosynthetic develops in amanner similar to the 
eee oOCme nt sOresricthlon In granular media. Tiswererct10ona | 
Beers ance 1S termed interface friction. Figure 2-4 cCisplays 


meee Gominol MEeCcnanisms for the development of friction 
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Fivure 2-4. Shear mechanisms of confined geosynthetics 
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BaoetmmenseOmetyy 2a Ssurtace rougtiness are apparent. 

As *ia@a!l Giscovered in his early experiments, a 
Bseeuco-Conesion Gevelops within the relinrorced soil mass 
me vaal, 1978). Tae Vintertacewrrretvon angle and cohesion 


for a geosynthetic can be determined by measuring the shear 
mesctstance at Gitterent values of mormal stress 1m amanner 
pepiulat to the direct shear test for soils. The maximum 
shear stress 1s Plotted against normal stress as shown 1n 
Mieurce 2-5, Tavsewresults im the Mohr envelope of failure 
for the reinforced system. The angle padieed Dy this 

me eliice envelope is termed the interface friction angle, 4 
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aiastime shear stress intercept, the adhesion, a. 


Memsile Flastic Modulus 


Wiewctmescustralierelations £0r polymeric materia!) 
meemorten monlinear and highly dependant on the Doundary 
Memapt Lois and the Strain rate. Three different me@ns are 
meea tO Obtain various "weosynthetic moduli; initial tangent, 
Pracet and secant (Christopher and Holtz, 1984). aire 
memol.e S&lastic modulus, regardless of the method used in 
mes GeLinition, provides an indication of geosynthetic 
Strene th. mom Cop@mly aAacCGcoUNt for the effects of so11) 


momotmenent the ré@zmlts from confined tensile tests should 


Be utilized. 
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Figure 2-5. Failure envelope for geosynthetic reinforced : 
soils. 
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ie emet seems Of “ba ctcers=ace friction provide for 
Meoimeasee TNOGHYLr rand Strengtns when compared to isolation 
Mmesuse( Selle and hicks, 1900). Botm the confinement provided 
fe tne soil ama@ the frictional resistance result in these 
increased strength properties. The composite system, 
Sompom1 Sea Otfethe Soll and the geosyntnhetic, acts as one. 
Mle eGsyitietle = Dimas” CO the Soil through friction and 
interlocKing mechanisms and therefore draws upon the 
relatively high compresSive strength of the so11 and the 
geosyntnetic provides a transfer mechanism for the tensile 
Mirecesmecreacreagsimethe structure. The confined tensile 
Strength may be determined by several methods including, 


MtGrectesmear tests, pullout tests and triaxial tests. 


meecernal Factors 


Tne soll-geosynthetic system may be strongly 
Mmeaclitenced by external factors. Environmental concerns 
include ground water and 1ts movement, surface water and 
erosion, animal burrows, plant and tree growth, temperature, 
ultraviolet exposure and chemical degradation. The effect of 
Mose Or thes® factors w1li result im increased deflections 
pemeaecesult Of the decreased area of influence of the 
moesyhliunetiC, ad transfer of stress to those areas which are 


[Mess etfected by the environmental factors and: 1£ left 
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unmcnecKed these factors May Tresult If sSsePue cua eee 
Further, since creed bv de@tinition 1s time CSpencew | 
Gesigned litespan or the structure is alse co -sco .--. 


Improper consiruction practices will also severely sa. 2a. 


the adequacy of the struc ure. 


Temperature 


According to ASTM test procedures.) tesoni- om 
peosynthetics is specitied to be Caer ted ou (ane O2 “Ga 
Creep tests performed in this ranee arew., o1ca.. 


conservative since most soil temperatures fall wel! below 


0 


Pe ee oe In cold regicns, where soil temperatures fall 


er geosynthetics may become less 


substantially belowre! 
flexible and more brittle. At temperatures above the 
specified range, a reduction in modulus and tensile strengae 
may be expected (Bonaparte et al, i984). Therefore, when 
extreme temperatures may be expected, the analyses should be 
performed at temperatures representative of field 
conditions. In addition, in those instances where wae 


conditions are Known, tests could be modified to account jtcom 


even Slight temperature variations. 


Ground Water 


Because the geosynthetic 2S an inclusion within tne 


soll matrix, water will tend te tlowsalongetie 
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Soil7geosyvntnetic interface. In addition, seepage 


b+, 


orces may 
result in localized damage and possibly collapse or tne 


StruGtuce. liticyerostatic pressures develop with the 
Gorresponaine sreduetion of effective stress, catastrophic 
pallure May Occur from the loss of friction at the 

interface of the soil and geosynthetic. Seepage forces 
Mayewaesturb the soll particle distribution in the area 
around the geosyntnhnetic and result in a corresponding 

mace hone lima tie l1ntertace trirction. ASorsecussed,  tmey area 
along the interface 1s an area of high shear stress within 
the soil. The deliterious effects of seepage forces and 
flow can be minimized through proper allowances for drainage 
in design, however, i1t 1s normally impractable to prevent 


ae tlOow trom OCCUring within the structure. 


Ultraviolet Exposure 


Mne polymers used in geosynthetic fabrication are 
subject to degradation when exposed to ultraviolet (UV) 
rediation. Of the common polymers, polypropylene and 
polyethylene have the poorest UV stability while polyester 
Mas a greater resistance (Bell and Hicks, 1980). The UV 
Radiation may result from natural sunlight or warehouse 
fluorescent lighting. Since geosynthetics are normally 
eevered with soils, UV degradation 185 not a concern unless 
meeceCtion Is mot provided while in storage (on the project 


Site or in a warehouse), or the material is left exposed 
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arter any construction sequence. StabllityY of s252 22. 
May be increased by the addition of carbon black to the 
material during the extrusion process. Cnemical stabilizers 


are less frequentiy used {© Inhibit UY cere eda. 


Chemical Degradation 


Most of the polymers associated with geosynthetics 
are highly resistant to degradation in the normal chemical 
environment found in soils. However, in unusual SitWat@von. 
such as those found 1n NaZardous waste corntainmen: 
facilities or locations where the pore water 1s extremely 
acidic or basic, special evaluations must be made to 
determine the effects of these conditions. Tesensume 
compatabllity of the geosynthetlc expected to be exposed to 
a particular chemical the EPA 9090 test is commonly 
Congducted. This test involves the immersion of geosynthetic 
specimens in baths surrounded by the particular leachate, 
The baths are set at temperatures of 22 °F and 50 °F. The 
two specimens are tested at the end of 30, 60, 90 and 120 
days for welght, thickness, tensile strength, tear stren ae 


and seam strengtn. 


Construction Methods 


Material placement errors and damage as a result of 


poor constructicn practice and the lacK Of adequate Gua 
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Relatively €é€w contractors Nave gained sudstantial Boe 

memmoetemee im <he Construction of geosynthetic reintorced ‘a 
i 

= g.:. 
structures. Therefore, close supervision by deslgn engineers 
1S imperative unt1l the materlais become more common i1n the 

momstructlon industry. 
v= 

a 

Factors of safety are commonly employed both to oe 

insure against unkKnowns of soil geosynthetivc response and to 4 
Circumvent damage and minor placement errors inherent in the id 
Brestruction of the structure. In soll reinforcement, 7. 
a factor of safety of 1.5 1s commonly used. However, the use cs 
i 

fametcot ye taectCOTms Of t,c¢ to 1.4, combined with the ve 
conservative design approaches, often ylelds adequately safe - 
designs. > 
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Of tne tractors which inflWwence the conserva a 
design of sSoll-=-geosynthetic structures, negew eae 
apparent than the lack of adequate i1n-so:2] test data. 
Furthermore, tests need to be standard! zed in coade qa 
‘ obtain repeatable results from region to region. Three 

international conferences Nave been held which Nave been of 
, great assistance in @€@xpusing the lach ot Unltoeiit yc 
testing programs and procedures tnrougnhout industry and 
acedemic cireles. Tnrough the use of past experimental data 
and avoparatus designs, mew equipment is developed which 
improves upon previous experimental methods and equlpnen 
In addition to the type of equipment, the test condi... 
under which the stress stralnm properties are evaluated 
‘ greatly influence results. Significant tacvorsmame 
temperature, specimen geometry, clamping procedures, 

specimen size and rate of loading (Christopner and ota 


198+). 


’ Two basic types of equipment nave been used to 

; determine creep and strengeth benavior of geosynthetics in 
Solls: the pullout test and the direct sne@ar test... 

triaxial test has been used in geotextile-soll fricoete. 
analysis only to a limited extent. INese testseanemae 2 
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Piles el lout meee oe l= Seosyntnetic is encapsulated 
fra SOL Mass Under a Surcharse, icad. The gecsynthetic 18 


Pemlegelateraliliy ae 2 COnsStant rate of deformation until the 
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MeOeyAtoeule tallsmeve to rupewre or until translation of 
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the geosynthetic occurs relative to tne soil mass. 


The direct shear test for solls and geosynthetics 
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Momsimilar to the direct shear test performed on soils. ihog' 
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Wewomcest 4a layer of soil 21s displaced at a constant rate 


0 AM 


relative to a geosynthetic. 
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The triaxial test may be performed by e:ther one of 


Kp eee, 


g : 


mwo methods (Christopher et al, 1980). The fisst method 


r, 
involves the placement of geotextile layers sandwiched ro 
'- 
Pas 
petween alternating layers of soil followed by testing as 1n r 
5 
aestandard consolidated GQrained or undrained triaxial test. ti 
a 


mre second method 1s a modification of the pullout test. 


al te 


Mme £eosSynthnetic 1S displaced in the longitudinal direction 
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Mmemative to tie soil in atriaxial cell. Figure 3-2 shows a 
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memematic of tne two triaxial tests. 
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Numerical models have been developed for the creep of 
polymeric materials and the creep of soils but to date none 


Mhave been developed for in-so1l geotextile creep. 
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Triaxial Tensile Test 








Beeure 2-2. Triavxial tests modified to analyze in soil 
geotextile strengths (after Christopher et 
Mies, 1 TOG). 
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McGown et al. (!:1$82) developed am in-so1ieceo 
apparatus which 1s actually da modification cto tiewo 
test since the geotextil@ 1S rigidly tied atyaeu a 
Ime device allows for the measurement of Strains at yeae 
of the fabric througn 2 set Of rods which dare connes cama 
Gial gauges. The schematics for the testing arrangement are 


SHownh in Freure 3-3, 


Cne of the difficulties im the pullout testers 
measurement of actual Strains im the seotexcti le.» tax 7un 
Stresses and strains typically develop in the area adjacenz 
to the clamp. The stresses are distributvec along it 7c 
geotextile and reduce to w2enre sae nr e eee eee. eee 
specimen (Christopner and Hoerez,.1954 9. Typically average 
stralns are reported indicating an average over the entire 
gauge length, from clamp to free end. To properly accou,. 
for the unequal stress / strain distribution a sys tener. 
de in PpPjace to measure the distribution of strain aloo. 


length of the geos7nthetic. 


In tne apparatus developed by McGown et al. (19625 
strains are averaged over the entire gauge length. Actual 


strains in the geotextile are therefore probably somewnae 
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(after McGown et al., 


In Soil Test Apparatus 
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Purtmer, soll cover in ihhis apoaratus was 93. eee 
10 to 25 mm (.4 to 1 in.). Not only Goes thts Jit ee eee 
solls which could Se used, the sSmali amount 907 cove qos 
imposes boundary conditions on the soll adjacent to the 
Feotextile, possibly resultime 1h se fies) pra 
Conservative results would most likely be obtained 1f 
Slippage occured since the friction between soll and 
geotextile is probably somewhat less than that of the 


internal £Erietivon oOo. cme so, 


From the testing program, MNecGown @€t al. Jae 
concluded that Nighly structured non-wovens and composite 
geotextliles’ strengths were significantly higher when tesvea 
im soll. Yet the wovens, with sami lop esc a 
arrangements did not exhibit such a change. In fact, there 
was not observed to be much strength galn in the woven 
geotextiles. The small value of strength gain in the woven 
geotextile as compared to tests performed 1n isolation was 
attributed to the method 1n which the woven genera eae. 


Strength. Tne researchers explained that strengtn O72 ec 


ie 


wovens depended on the strength of the allgened tapeseywiiea 
were not greatly affected by embedment in the sand. 
Extension of this finding to other wovens shotlagno eee 
taken for granted Nowever, since geometry may piay an 


lmportant role in other woven geotextiles. 
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Per rermneaecii: and NowatzK. (1982) 


Seino le Ccevyice. 
Sample Box 


El-Fermaoul and NowatzK1i (1982) developed a sample 
box to determine in-so1ll strengtns of geotextiles. Testing 
was performed on nonwoven and woven geotextiles at various 
confining stresses. The test, snown 1n Figure 3-4, fixed the 
one end of the fabric to obtain strength values, preventing 
Pullout from necunmine unless the specimen falled by 


rupture. 


Pecausewaretie Small size of the device, results 
Obtained are subject to Slgenificant influence trom the 
lmposed boundary conditior.s. However the results, taken as 
SomParadwlve Or index values do indicate that the erfect of 
wont iMmigemPresslres1s Slgmiticamt. Caution must be exercised 
maeeusite tle =hesultsm@trom this type of test for design as 
per iJure mechanisms in the field may be substantially 


difrerent than those developed in this test. 


Comparisons of strength between wet and dry 
conditions for wovens and nonwovens were also shown. Wet 
meven geotextiles were shown to have a 304 reduction (at 257 


Seatine tn strength as compared to its dry streneth. This 
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Figure 5-4. Sample Box for geotextile tensile tests (after 
El-Fermaoui and Nowatzki,. 1982). 
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Pascoe out eHa ns Ot Me Wacer retained on the geotextile soil 
Memeo ms dee wale) 2O tee SFOUea SUrtace of the woven fabric 
aoe oe Soe aoe. ROmWwOVenS Gisplayea a S54 increase In 
Spscerveo tensile strength. A wicK action resulting in an 
MmecG@ease Of Gfetective stresses and reduction in void ratio 
SeeetmeswsOtl around the geotextile may Mave resulted in this 
moerease in Strength. It would appear that a similar wick 
peeteome would develop tOr the woven vet the findings of this 


paper indicate otherwise. 


Zero SOan Test 


The zero span test, developed by Christopher et al. 
Me Ool wutitliized sumpface treatea Clamps in order to provide 
Mmuliatea So.) conartions. The test setup 1s shown in Figure 
Bao A teMmsiton test 1s performed under specific lateral 


eonrinement provided by the clamps. 


Average strains are calculated on the geotext:ile. 
Peroudil Y, Stirdlins Gevelop progressively from the center of 
Paes specimen to the free ends as load increases. AS 
Peevtously explained, actual strains are probably higher 


than those reported in their paper. 


One problem with the test is that when the clamps 
move apart, am unconfined length develops in the specimen 


which would produce necKing and premature failure of the 
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Fig. 3. Zero Span Clamp Setup 
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specimen. Failure is theretore induced in the specimen 1n 


Pismo oO. more oss GCOUCeENtratvlon. 


The measured angle of internal friction would be 
expected to be less 1n this device since dilation effects 


are negated by the simulated soll clamps. 


Direct Shear Tests 


Soll Fabric Shear Box 


A large shear device was used by Myles (1982) to 
assess the frictional benavior of solls and geosynthetics. 
mie, Dox, depicted in Figure 3-6, EProv2ded results for 
interface shear angles which were somewhat less than the 
Besults ObtainmeG through the small, sonventional type direct 
shear apparatus. The larger size reduces boundary condition 
or eevs ao erecWle If More Trealistic values. However, so1l 
was placed on only one side of the geotextile and the other 


side cf the geotextile was glued to a plate. 


Modified Direct Shear Device 


A modified direct shear device, developed by Williams 
and Houlihan (1986), 1s shown in Figure 3-7. This device 1s 
secur ome thes eValWation of interface friction coefficients 


between solls and geosynthetics (Williams and Houlihan, 
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The device accomodates specimens With Gimenslonce 
12 by !2 ancnes placed between so1! layers of approximately 
2 inches 1n thickness. The large specimen dimensions limit 
the boundary condition effects whlch esu led. ene 
lnaccuracy 1n previous analyses (Nyles 198e and Mancina. 


al. 1984). 


Trlaxsivack fest 


Holtz et al. (1982) pertormed triaxial tests some 
concrete sand with Norizontal -geotextile Inclusions sc 2 eee 
to the setup as depicted in Figure 3-2. The tests were 
conducted on specimens 36 mm (1.42 in) in dlameter andy] cea 
(2.87 in) in length, providing a length to diameter Tratvemes 
2:1. Tne circular geotextile disks were located at the upper 
and lower third points and on the top and bowgom sp lacen.- 

All tests were consolidated-drainead (CD) and prince? >] 
stress difference was calculated using initial specimen 


ClrOSs-SGCt lone) area, 


From these tests the researchers concluded that, at 
high relative densities for the sand (Dr = 904), gece ay 
properties do not appear to greatly influence stress sen 


or creep behavior of reinforced samples. Further, 
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a2nS ene More creep were 

Bese” (OGmrte ee PSOtextile reinzrorced sand wren compared to 
Beewlne oe Msc ebceC Same. Tie Wwictimate strength, detormation 
Mocs ~ana azsele of internal friction were all increased by 
PeOtextile inciusiloms. These relationships are shown in 


Figure 3-8. 


Momexrical Modeis 


Several numerical and rneological models Nave been 
evel Oped to analyze the creep behavior of so1ls. Similar 
models Nave alsuv been developed for the treatment of 
geosynthetic creep. However, no model has yet been 
plevrelopea for the two materials as a composite system. Tne 
mBeesent challenge then, 1s to develop a workable model which 
PreowLoOes tnose Constitutive relationships and ameans for 
determining the parameters involved with an acceptable 
mepgree Of accuracy and repeatability. An excellent 


Mest Orhocal review and dnalysis of creep behavior 1s found in 


Pirndley et al. (1976). 


Tmeee stages of creep have been identified, as shown 
Mime rpiure 32-9 (a). The application of stress leads to a 
memelOod ot translent creep in which the strain rate decreases 
Meme rime. fais 15 tollowed by creep at a constant rate, 
meet, depending on the material, the creep rate may 


mecelerate to rupture. These three stages are called 
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fa) the three stages of creep (after Finnie and Heller, 
1959) 
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Figure 3-9. The stages of creep. stress relaxation. 
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Under conditions of constant Stral ma aus ee ee 
"relax”™ to attain a more stable equilldrium cond! t1c. eee 
results in a reductl1lon in stress and 15 termed = sugees 
relaxation. Stress relaxation efrects, whiten are see 
in Figures 3-9(b) and 3-10, Nave been studied to a Jeseen 
degree than creep and stre@ss relaxation €22ce 7s aa 
typically lgnored in design, resulting in an added dépreceee 


conservatism (Bonaparte et al, 19657. 


Mitchel! (1964) utilized the Rate Process Tsecr, 
(Glasstone et al., i941) to relate the shearing sesistanee 
Of soils in triaxial compression to Frictional wanadeeo eee 
propertles, effective stress, so1l structure, rate of SU7aee 
and temperature. By holding Constant condterena on 
structure, straln rate and temperature, Mitchel!) reduced 
equation to the Coulomb equatlon (equation 2.1). ine) oe 
creep can be uniquely defined by Monht:>-CoulombD 707. age 


£uXxed Conga loons. 


Christensen and Wu (1964) studied the creep 0: sci. 
uslng the Rate Process Theory and compared experimental 
results to the Kelvin-Maxwel! rheologic mode! depleted. 
Figure 3-11. The model was shown to provide good correlation 


between edcperimenta! data and theoretical expec Caer 7 
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Figure 3-10. Influence of reinforcement creep and stress 
relaxation on strain developed under working 
concitions (after Bonaparte et al... 1995). 
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meme OlcebR cal eoc2ls have Deen ororosed, 


mone ror Wmich are "shawn in Figure 3-11. 


SeMieasancormnecme lle 1958) stated that the primary 
Meera bOm Cos <SeSe models 1s tmey cdo not properly predict 
Mreme~DOnential sdependence of creep rate and creepd strain. 
A three parameter pnenemological relationship was used to 
Paci Oeste Stress-Sstramm-tlmeebenavror ofr soils within a 


Breactical rangee@wost stress ~ntensities. 


Celéeman- and Knox (1957) Utliized the Rate Process 
Tneory ~0o describe the creep behavior of partially oriented 
molymeric filaments such as drawn polyester fiver, rayon and 
@octon. A Simplified rate process theory was used which 


yielded good agreement to experimental results. 


Onaran and Findley (1965) employed a multiple 
mieerpral functional relationship as a constitutive equation 
mommemonmiinear creep of a viscoelastic material under 
mereneamanr=SsS. Kernel functions involving stress terms up 
Mometilr ad Order were expressed explicitly for combined 
Stress-creen, and experiments were performed to determine 
meeenernel] functions. Comparisons between the Multi-Integral 
Tneory and experiment data for the polyvinyl chloride 


merpolymer showed excellent correlation. (shown in Figure 


ec). 
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Sie ss oma e ae!) le tee6e) Compared the creep of woven 
and nonwoven pelyesters and polypropylenes to the Rate 
Process Ihneory and a curve fitting, timree parameter 
waat1omm more reliable results were found through the use 
memtne Race Process Timeory: Resuits of thelr work are 


Geprectedwung’ Legure .32-1)3. 


The development of a numerical technique 1s beyond 
Mme scope Of @eAis study. However, work in this direction 1s 


Presently underway at the Georgia Institute of Technology. 


Mmoncililsions 


Several methods exist for the analysis of confined 
tensile strength of geosyntnetics. Many approacnes lead to 
PrPrecmeous Gata due to imposed boundary condition effects of 
the small devices. A Large Scale Pullout / Creep Device was 
designed, fabricated and tested to improve upon previous 
equipment and methc logy. The device and testing program 


are explained .. the remainder of this paper. 
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pec anp Used tomtranster load from hydraulic pistons on each 
Slce,or the Dox; amd two pressure systems, one to apply a 


nommMal si cage tO ay rubber bladder on the top of the soil, and 





the other to apply pressure to an o1l reservoir for the 


MnydralwiGsPastons. sAwlinear variable differential 
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maamscrtormer (LYDT) with two inches of linear range 1s used 


to measure displacement of the clamp and a 25000 pound 
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mapacityeloaducel) is used.to measure force. Data 


Beau lsluron for the system is accomplished through use of a 
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j LEADING EDGE Model D (IBM compatible) computer. The device a 
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control] of temperature and humidity. Figure 4-1 1s a view of R 
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derail of the container assembly which S22 306s eee 
Hydraulic pistons and the clamping arrangement, "Av eno -e2caeee 


of these features 18S provided in Figure 4-éeP. 


A complete listing of vendors, materials and costs 


for the fabrication of the LSPCD 1s provided 2n 45 76e7a) 


Container Struetural Features 


The containment box 1s construeted or Standen 
Structural steel members and steel plate. The interior of 
the box measures 54 inches by 19 inches. This length allows 
for adequate anchorage of the geosynthetic within the soil. 
Bolted connections were used throughout to facilitate 
fabrication in the machine snop and subsequent 
reconstruction and placement in the enviromumental sca 
A325 bolts were used throughout. All steel members were 
Primed with Pratt and Lambert Tecn-gard E155 red oxide 


Primer and painted with Ei!48 maintenance gloss enamel. 


The bottom plate is a 58 by e@4 by 1/e inch steer 
Plate with 11/16-inch diameter drilled Neoleseo 73cm a. 
centers around the edges to attach the channel steel walls. 
A i/fe inch spacer is used to support the plate bottom on cide 
environmental room floor as the bolt heads protrude through 
the plate. * Steel strips, i by i/2 by 16 inches, are welded 


to the interior bottom of the box on ie“ cente-s to ore ea 
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Betalils of tlie top and Dottom plates are shown in 


Figure 4-3. 


The side vanels consist of two standard 
mec oy eo. ( Channel sections stacked one atop the other to 
provide a i6 inch deep wall. Bolt holes are again drilled on 
6 inch centers to match the bottom plate and center flanges. 
Flange connections are used to connect the end channels. 


Detalls for the walls are shown 1n Figure 4-4, 


End panels consist of two C 6 by 10.5 channel 
Sec wrens Which are bolved te™ the top and bottom plates of 
the box and connected to the side panel sections. The 4 
inch gap between the two channels is closed by two plates 
Meme are slotted with a l/2e inch slot for adjustment of the 
gap. Adjacent to the front bottom adjustment plate a HDPE 
BOQmmil (GUNDLE 100 mil) lining 1s placed which is cut 
Se eiveyetalterwthanwthe front adjustment plate. This 
Prevents the reintorced section of the specimen from rubbing 
against the hard steel plate and minimizes the amount of 
SO1l lost through the gap during tests. The rear panels are 
Broctcted to provide the ability to further secure the free 
end of the geosynthetic should this be desired. These 


features are detalled in Figure 4-4. 


The top plate 1s used to provide confinement for the 


nee ae hai AS eis - 
— 5 i { Up UW - 


\ 


Pt 


8 
€ 
4 


ee ee 
—— | a See 


ae 


£ 
a 


= yas 
a 8 
yr 4 
x t ¢ 


- 9: 
4 ar a 2 
ss yr 
; Pe 


Tr, 
» 


ray 
x a 


may Jada, See) et od 
ie Oe 
1 a oe 4, 


27 


> 
ee ee | 
* 


¥ 
a o@¢ 
*® a & a rd 
* e 


MPs bi 1 
ap = $ : 


»9 « 9 fF 
e 2 t 
5 £ 5 


¢$e¢-erte 3 Ff. 
,Pr 8 
4.0 


"IY, 


j 


os 
ace 


Li. 


PO 


4 Us onus 


es | 


qj. 
t- 


- 1 ss a ; b 1 / 
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geosynthetic. A 3/8 inmeh-!6 threaded 


iD 


accepts #£he hae 
pressure gaS line for application of pressure. The plate is 
{fe inch steel, reinforced on 5 1nch centers With ose eee 
2 ife by 1/4 inch angie iron. The angle irom 1s welGedeisa. 
a4 inch fillet weld per ie inches of length. USing =uleraaee 
Strengths for the steel and a factor of safety otf tour eae. 
design allows a working pressure of i140 psi. The 11mi tame 
factor however, is the surface between the plate and the 
rubber membrane which, not being a machined edge, allows 
highiy pressurized gas to eScape through microscopic 
lmperfections in the steel. The top lid has been tested to 
100 ps1 with unnoticable leakage when bolted to the frame at 


1035: (4805 foot=peeads. 


EEeSSUREe Systems 


AS adlscussed previously, a rubber bladder 1s used to 
apply normal load tosthe sgecs ae aetic, Thais “Aicagwiss 
transferred through the soil which covers the geosynthetic. 
The membrane 1s a 24 by 58 by 1/785 inch thick sheers. 
industrial grade neoprene rubber. Cork cutters were used to 
Place holes to match the top plate. A standard 2250 ps1 
nitrogen tank provides pressure wer tme systen: An OQ2AWELD 
#998355 non-bleeding reguiator aliows adjustment of outlet 
pressures from 0 - 900 psi. The regulator was further fitted 


with a oO - 15 psi gauge to accurately measure low pressures. 
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Memeo a Om) sO.) te pressure gauze used 1s provided in 
eee Ce Sena) Oh essire 3/75 inéen hose was used for the 


SG@mnec t1on. 


Rese Parate nltropen tank 2S used to supply pressure 
momomiivcrall yc 1O1)l reservoir which In turn, applies this 
memessure to the hydraulic cylinders. A SMITH #H1833-580 
maemrator allows outlet pressures from 0 - 1500 psi. Two 3/8 
ici varaulic Moses extend from the reservoir to the 
hydraulic cylinders. The reservoir doubles as a pressure 
Demise (eana sis CONstructed Of a iO inch diameter schedule 40 
Pipe constrained by 3/4 incn end platens which are recessed 
to accept the pipe and 1i/8-1nch diameter neoprene O-rings. 
Peeemt 5/5 inch threaded bars clamp the assembly. The nuts 
Peet orgquea «<O 4O ft-lbs. Using a satety factor of four, the 
pressure vessel is rated at a maximum pressure of 650 ps1. 
The vessel was tested to 650 ps1 by first filling with water 
eG them pressurizing the system. The two pressure system 
schematics are snown 1n Figure 4-5. Specirtic dMetalrls oft the 


Oll reservolr are snown in Figure 4-6. 


mrordaulic Cylinders 


Direwrycwaulle eylindgers are placed on each side of 
meemoOox tO prevlide pullout force to the geosynthetic. The 
DAYTON model Zi96A hydraulic cylinders are 4 inch bore 


diameter cylinders with 16 inches of maximum stroke. 


tt B ae A> 
} o 0 a 


s 
Ld t 


i 
3 


7" y len 


tse ee eo Bak 
; * ’ , | . 
A # 


| ye 


# 
Li a 


» se alt — = 
s 
fs Le , we 
’ s «( e 
. < 


i 
? 


‘A a e cg a J 7 


~wt 
; °¢ 
. 


* 


preerree 


me rae . he re 


- rw 
r eet ee Ls ‘ {. 
4° Se r 


—wv 
a 


+ ot loa ae aay fa witty 
Me fee le 


rin | 


4 & 


=! s 4 


e as 4 . uy Ge 
pel ie a qe. Kes 
6_4 2 4 f 8 8 : Pa 


1 


ba 


ee 


53 


TecRMmical srpecr:IFILlecatiens are SFrovic2e 2 eee ee peex= 
crlianders are attacmed to the longitudinal way. eee 


end webs Dy a rear Drace and front DracKet while eaaa eee 
CYIENAGSTS “30 Cer wee me rtront bracket 18S 4&4 Stab! 2 
bracket which aligns the cyiincer and results lnmmeara ves 
extension Of the tandem ¢y pinaews- The rear brace provides 
resistance to the force created by extrusion of the 


geosrnthetilc. These brackets are shown in Figure 4-7. 


Clamp AsSseuaiay 


The Clamp was designed to provide a thin proriwie 
extending into the containment box. A slngle compression 
load cell was incorporated in the assembly to measure 


lateral loads atte clamea. 


The clamp consists of a primary yoKe, whlch peovd. 
attachment to the load cell and connects the two hyadrauwie 
rams, anda secondary yoKe, which connects tne clamping 
plates with two steel bars and holds the load vce ol eae 
The LVDT brace 1s attached to the clamping plates, waa 
secure steel plates to the epoxy reinforced geosynthetilc. 
These components and their interrelation are shown 1n Figure 


w-2, 


The primary yoKe 1s constructed wath swe) C Gms, 9c 


channels welded bacK to back with 3/4 inch spacers. Tre 
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pegs Vemmeameclevyis. [mS rront of the clamp 18S macnined to 
eure e we Smooth Sursace tor the ioad cell mounting plate 

Me wells mMmaee OL —COlaG rolled steel and machined to a surzace 
[meer ateonos | OVSewihnyv wn. The mounting plate distributes the 


load over the primary yoke. 


The secondary yoke consists of two C 3 by 4.1 channel 
Sections bacK to back, separated by i/e inch spacers. THis 
yoKe has !{!/i6-inceh diameter holes drilled in each end to 
Connect the Dars which transfer load to the clamping plates. 
Tne bars are drilled with holes at various lengths to 
facilitate clamp setup during testing. The load cell burton 
1s machined to match the curvature of the load cell pressure 
Plate. = me Dutton 1S bolted through the center of the 


secondary yoke. Tnese components are shown 1n Figure 4-68. 


Clamping of the epoxy reinforced geosynthetic 15 
accomplished through the use of two C 4 by 5.4 sections. 
The reinforced geosyntnetic 1s sandwiched between two sheets 
Of 16 gauge sheet metal or Stainless steel which 1s then 
bolted in between the two channel sections. Tne LVDT brace 
Mopattvaemea tc one of the center bolts. These details are 
shown in Figure 4-9. A photograph of the clamp assembly 1s 


provided in Figure 4-9P. 
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Appencix D. 


Data. ACGUSItlon ges stem 


Tne Data Aquisition System (DAS) utilizes a’ Pe-nawe 
Lab Master board to retrieve analog data; a BASIC program 
"DATAc. BAS” to process the data and tabulate tne results; a 


LEADING BELG 
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Model D tomputer and printer; a DC power = swe 
and ampll#ier to supply power and amplify response of tne 
load cel!; and a Signal €Ondlitlioner tO ampli ity ste os 
Signal. The interrelationship of these components 2s jsaoe7 


in Figure 4-10. 


The PC-Mate Lab Master board consists Of a2 MoU. 
board which fits into a slot in the computer. The wswieeree 
on the mother board are set to one of Se€Veral Jaccresce ee. 
accordance wlth the board installatlon procedures.) fi 
4-11 ind:cates the switch setting for this setup and shows 
the switch setting for the address eote. the daughter 
board 1s then connected to the mother board) tagae ae. 
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meme ae: “ordececurta siy convert the analog to digital) -‘ita 
away trom computer interference. Because of the Icw 

Brees atltne voliage of the load cell, a Narr mode! te2 DC 
Beooee bee ama SOR=SE.i mocel GRD §0-5/30-1 oC power supply 


mere used to boost the signa: to the deaghter hoard. 


iaewey Ol Slgenal conaltloniie Unit provides an AC 
voltage supply to the LVDT ance amplifies the resulting 
analog signal. The analog signal from the LVDT 1s sent via 


cable to the daughter beard of the DAS. 


moad Ce} l 


Compression loads are measured using an INTERFACE 
model ice2i load celi and the DAS described above. The load 
Memeesrpecittications and factory calibration are provided in 
mBependix D. Saver oraeron aot tme acaqulsition system 1s 


mrovided in Appendix B. 
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Mniemrlnear Variable differential transformer (LVDT) 
1S used to accurately measure displacement. The device 1s 
set up for el1lther of two LVDT’S; one 18 a 1000 HR SCHAEVITZ 
meemievOL which 1s used for pullout tests and has 2 inches of 


metal linear range; the other, a 3000 HR model for long term 
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and inspection data along with linearity €alibrav on eeu. 


are provided 1n Appendl xk D Ser 3se5n 2 2s 


The environmental room is an insulated chamber 
which temperature can be ciosely controlled. The room was 
tested at 70 vs for one week and did not vary Dy more than 
ee °F, The room 1s a LAB-LINE instrument model 1766AUX H. 


Humidity, which may also be controlled by the environmental 


room, wasS not monitored during this Pnvestl gacven. 
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ie Ooesa Ota ~Psoceauress for =the tensile pullout 
and tension creep analyses are desribed below. Tne 
mermmoeolorey includes a description of the preparation of the 
geosynthetic, the so1ll/geosynthetic placement and 
BOmpaction, application of normal load, placément of the 
Slemoeassemoly, stert-up of the DAS, and procedures for the 
tensile pullout and tension creep analyses. Problems 
encountered during initial test setup and those encountered 


subsequently are addressed. 


Beosyntnetic Preparation 


Extreme care should be exercised in preparation orf 
the reinforced section of the geosynthetic. Steel sheets are 
used to confine the epoxy iaden reinforced system during 


cure. Procedural steps are outlined below: 


MijeetnemmeOsymuietic 1S cut to tire desired length of 
embedmenterplus 18 12750s to allow for the reinforced 
SEG Urol, 

(2) Four pieces . § TREVIRA 1120 nonwoven geotextile are 
Zenon -l/e oy LO nen sections ard two 3 by 15 
hee mers tied pS. 


(3) * 1:56 guage, 16 by 18 incn steel plate is placed 1H 
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(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


tme iocartilon cesired f£9Ff €Uurin2 3292.2) 
reintforcec section. The slate 15 COVer sa Wee 


sneet of FrVUC plastic sheet to Prevent epoxy 50m 
bonding to tee steel 

Materials are arranged. PFrotSecrcive gear ine] 
rubber gloves and eye protection 1S worn. 

Ambient temperature 1s recorded. 

125 ce of the epoxy 1s mixed with an €eual pe, are. 
of the curing agent ina large tin. Thorovcgh mrexire 
of the two agents 1s required. 

One of the large sheets and small strips of the 
Trevira are impregnated with the epoxy mix. Le 
ensure saturation of the epoxy into tme nonwoven, cae 
cloth 1s Kneadeéed Dy hand. 

The large sheet of epoxy impregnated Trevira 15 
spread onto the plastic covered steel. The small 
Strip 1s spread along the top end of the see 327. 
provide additional reintorcemen 

Tne impregnated nonwoven 1s covered with tne 
geosynthnetic. 

Steps (5) and (6) are repeated and the cloth 15 
Spread over the geosynthetic. Again, |) tee esas 
Placed to reintorce the bolt Hole loeat... 

The specimen 1s covered with a plastic sheet and 
another 16 guage steel sheet. Approximately 20 to 30 
pounds are placed over the steel sheet to Contines. 7. 


reinforced sectiicn. 
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Woe "aA oat OS Sawer saw and ti/ic=incehn diameter 
Memes c@emerhllbec to tit the clamping plates. 
(12) The two C & X 5.4 clamps are bolted to the 


canew' GCoeaq Stee] and reintorced section. 


Curing time is temperature dependent for this epoxy. 
Sr hesseconcentrations develop in areas around the bolt 
MencaqmeemercrOreit IS tmperative that adequate time 1s 
provided for the complete curing of the system. One sample 
which had been prepared as above but cured at approximately 
55 °F deformed a total of 3/16 inches during a pullout test. 
Longer curing tlmes must be taken 1f temperatures rall below 


Oo. °F: Temperatures should be Kept above 75 mice possible. 


Poume- Geos vite tre Flacement/Compaction 


The soll may be placed and compacted vsing any means 
WilGhn assures placement at a uniform void ratio. For the 
meme bece wsana Utriized im the tests run herein, two types of 
compaction methods were used: one involved the use of an 
peer -ariven cCOmpact ron foot and the other, a manually 


Seeracea drop ram. 


The soll 13s brovwent to conditions of desired moisture 
Memeelicvs 1me soll is then compacted in e i/e to 3 inch loose 


Mer cs we lite manually operated drop ram was utilized for most 
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acted to mid-NneilznAt ofa e 


U 


frame, the reintorcec geosvnthetic is placed througae ae 


on 
Vi 


slot in the front of the 50x, Am @ By 15 IneGhes ee Groner 
Plywood 135 used to sSWPPOrt ~ae5cl ana. Care must be 
exercised in centering the srecimen in the slcougs 7a 
loading is accomplished through the center of theese. 
without regard to placement or the specimen. Soll is added 
to the top of the geosynthetic and compacted, agatviwaa 

2 i/2e to 3 inch loose wie us: when the soil layer 13 level 
with the top of the box, a screed is used to level the suli 
at a height 1/4 inch below the top of the frame. Beg Oh 
ensures equal appl reationm Of Mermal Sressuce: Finger 
pressure 1s applied in the Corners ofthe soll tome oaere 
that the soil is of sufficient compaction to gests aes 
bladder pressure. Additionally, soil is molded in@eie 
corners to provide a smooth transition for the other e 
sharp corners of the frame. If fine grained mater lals@anewas 
be used in the test, compaction method and water content 


would be altered to achieve the desired structure. 








NOpMameeLOad ADDdgsi cation 


Tieerubper membranmemismplacedwover the compacted soil 
and aligned over *he bolt holes. The flanges should be free 
Cemaay soll swatch would anterfere with the seal of the 
membrane. The membrane 1s clamped on the ends with large 
document clamps to prevent slippage during placement of the 
Pommolate., “Artter placement of the top Mwlate the document 
Clamps are removed and the top plate is aligned to the frame 
by installing the A325 bolts and wasners. The bolts are 


MmepmeemeamtO aA torque of 205 + OS foot-pounds. 


Reeer-cGormecutom of the pressure hose to the top 
Pldwemmcime §SyStem LS Pressurized to the desired test level 
and checKed for leaks. To enSure integrity of the bladder, 
the pressure is backed off from the regulator. Observation 
Or the pressure gauge will indicate any leaks in the system. 
Pressure 1s then applied and bolts adjacent to the leak are 
given additional torque until leakage stops. The system 1s 


rechecKed for additional leaks asS necessary. 


Griam> Assembly Placement 


The hydraulic rams are extended to clear the clamping 
Plates and accept the primary yoKe. This 1s accomplished by 
applying slight pressure to the oil reservolr. Gare should 


be taken not to overextend the rams as this would 
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necessitate the removal or the nose SuUpDDIYINGe Norma eau 
retract. the cylincers. The primary yokKe 1s installed on the 
Mydraulic ram clevis. Clearance Detween the primary /o4eu2ae 
the clampinse slates shculd be 25beu7 eins The secondary 
yoKe is fitted with tne load button and the connect lon sews 
The bars are threaced through the opening in the primary 
yoKe and supported by 1i1/8-inceh diameter roller pins in the 
slot on the primary yoke. The bars are connected to the 
clamp by 5/78-incnh diameter” plns "678 >: ... Depending on the 
clamp placement, the bars may be adjusted by alterraee- 
bolt connection at the secondary yoke. The LVDT 22sec .en 


placed in the clamp and lieht!y “secured 


Data AcQuisition Systemegsecn 





The procedures for the computer program operatlonwaen. 
listed in Appendix A. After the program 1s installed and 
booted, the system electronic components may be tested by 


observing davakoutpuy 


Once the components have been determined to be 
operating correctly, the load cell Ys seated and tne? 21 ee 


adjusted to the limit of 1ts )inmeareeanee. 














Pibweeeet 1 ess 





eee teset te cwullout test May De perzormed in one or 
twoemeees: Stress contmol or strain control. In the stress 
Comer olepullomwe teste loads are gradually increased by 
Bepilyvine pressure tovthe o1l reservoir. The analyses in this 
paper were performed at a loading rate of approximately 150 
Pps7 min: Mores resurtcea Im Ge7 le@ctrommrares Woolen Varred 
between 0.005 to 0.1 inches per minute. FPOrece "GCOMNtCINUEeES to 
be applied until rupture or pullout of the geosynthetic 1s 


observed. 


Results are plotted as alpha versus deflection of the 
Sranip. = aAlpiia LS the total load on the geosynthetic divided 


SyeumeewWlath or the “Specimen. 


MaeSeelimrorcea section of the geosynthetic should be 


Chee rear rtonmr SlemNS Or fallure around the bolt holes. 


c+ 


creene Tes 





Thewecreep test, although moet performed in this 
Pevestieavion, would be accomplished in the following 
Manger. Filme, steady state conditions of temperature would 
be established in Cae reamenial room A tensrier pullout 
test would be performed to evaluate the stress at failure, 


a, mere em perscribed Soil and boundary conditions. A load 
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would the 


mont cored 
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sampling 


creep tes 


Shutdown 


1eNe 
Dladder a 
disassemb 


eylinders 


838 


mn o.e applied to the geosynthetlc corrsseona nee 


percentage of the fallure load. This st¢e22. 


n be held constant and Gderlecct9ns Varta] 
aS “SAR EUNCt Lonsoee eae The time 1nver ao. 
would be altered to a logrithmic l1nterval  2onee 


iS 


Procedures 


essure 18S released from the o11] freservoir saa oe 
t the conclusion of the test. The clamp assemp lj ae 
led and the hydraulic rams Fetracted@ Wie 


» Gnhis 18S accomplished by attaching the pres un 


hose to the front of the cylinders and applying eeesctua 


Tae tow 1 


Con. aliner 


1d bolts are removed and top plate removed. A 


1s used to hold the soil as the specimen: 


removed from the box. 


A cylinder 1s driven into the soll leyer andeay 


specimen 


ls obtained. The vold ratlo, molsture Contven usa 


relative density of the soll are then measured Usine 


Standard te@staeproceau,e.: 


Data Analysis 


The data polnts may be stored on a floppy diskeiae 


data file. 


Tne data fille may be accessed by HICKROSOPTe¢haae 
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Soe Valbemwmeer tS USeG Bono oz out tne i 
ms normal eased tomer ottingwdue worthe barge mumber of 


POlmiwseeeneratred Curing tile test. 


Sarety Frecautions 


Because of the high pressures and loads associated 
ViennonlemOrematione or tie LSPCD 1,tsiseamportant to exercise 


caution while operating the device. 


Tne oil reservoir has been tested to 650 psi with a 
sere ty tacwem. Ot fTOUr. Over time the connections may loosen 
due to fatigue. Therefore, the bolts should be tested for 
the proper torque of 40 foot-pounds. The O-ring seals may be 
expected to deteriorate over time and should be imnediately 
replaced if any leakage is noticed. Wnen servicing the 
vessel, the general condition of the steel should be noted. 


Any corrosion or damage reduces the factor of safety. 
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Two sets of data were generated in this 
investigation. First, a series of standard soil tests wea 
completed on the granular soll and second, pullout data were 
obtained from the LSPCD during tensile pulleutetes ae 


Various boundary condicaens. 


soil Analyses 


The soll used in the investigation 1s a light tan 
fine concrete sand which was obtained locally. The soil isa 
limestone sand with a USCS classification of Sw. 1 tee eee 
program included a sieve analysis, relative density 
determination, a standard Froctor test and a Seiajeame 


direct «shear “tests. 


The gradation curve, shown in Figure 6G-leusee ae 
averege of three tests perfecrmed on the sand. The sand is 
uniformly graded with a coefficient of uniformity of 93.) 


a maximum particle size of approximately 135m 


Results from the relative density determination (ASTM 
De2e04s9) on the sand are summarized on Table Ge!. Minimumeane 


maximum vold ratios were determined as 0O1G52 42nge 
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respectively’. Des wOoOk = oe oces 15 4 Meuetum cry cenrsity or 
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heoermo DCr anc a Minimum dry density oft 79.3 pct. 


See tea saeeTOCtOmete St (ASTM D693) apesulis are 
RPaevmoea IM Pigure S-e. The moisture density curve exnibits 
ememchamactenis~t ile, flat smape for sands for a range of 
hopseuime COMtentS., One distinct advantage 1S apparent in the 
HM cmouemlmrs ater lval for the “nvestilgation. tiga .Deing the 
Man eemecmee Of MOmsvcure contemts fOr which approximately 


equal densities may be obtained. 


Pomomenemor Nine Giupectesiear tests were performed. 
Three Mohr fallure envelopes were developed representing the 
Vawter estremeg tn Properties as a functdvon of void 
meow NwCOMpPanisem, Of the Mohr envelopes is provided in 
Figure 6-3. Individual plots of Mohr envelopes, shear stress 
aoe cCeatmhediGd smear Stress versus volumetric strain are 
PaocwrGded LtOrmsVOld Getlos OfN0O,7e, O. 86 and 0.99. The 
Peletronm ameles for ’tme reported void ratios are 44.4 , 
So oe ones >) O 4 respectively. These plots are incorporated 
Pato Pigures 6-4 through 6-6. Norma hoadsamsed for the 


mueeolwsmecarwanalyses were; €0O.50 psi, 51.ce5 pst and 102. 50 


Demme v oc PSt,. (300 psf and 14760 psf). 
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Slenodge Mik-250 Geos 


The material used 1n thys YnvVesitleae were se 
polyester (polyethylene Terephthalate) geogrid manufactured 
by Signode Industries, Ine. The trade name given the geogrid 


Ws Gil y-—2.00. 


The grid is produced by overlapping strands 0.47 
inches in width by 0.03 inches 1m thickness Inte aesguage 
pattern with nominal dimensions of 3 by 3 inches, CcCéntereee 


center. The geometry 1s depicted in Figure 6-7. 


The geogrid has a wide width tensile strength of 3000 
pounds per foot and an elongation at break of 8 percent. 
Results of a wide width tensile test is presented in Figure 
6-8. It 18 chemically stable, stabilized agalic eee 


degradation and 1S Dilologrecally iner= 


Tnese data were obtained from manufacturer literature 


which 1s 9ymeluded ineappend =< =P. 


Puisbout Tests 


A total of eight pullout tests were performed, )eamg, 
test data, where metnodology for the test was belng 
developed, were discarded. Data from five tests are 


presented herein. Three of the tests were performed at a 








| oe en 


Latemengaine 
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Somes S27 ess oe  So4O ests and two others at 1590 osf. 


Embedment length was varied in tne testing program. Void 
mar oOsSmVvaArTea between ©. 64 and 0.65 with one test being 


Beclragrmed at 4a Vold ratzo of 0.90. 


Results are plotted as alpna, which 1S ene force on 
wmemoaeesyothnetic Per foot of width, versus the norizontal 
deflection of the clamp. A comparison between the 
geosynthetics tested at various embedment lengtns and equal 
confining stresses 1S presented in Figure 6-9. Figure 6-10 
MBresents a Similar comparison for the two specimens tested 
Seman Cemt imine Stress of 1590 pst. A Comparison between the 
Specimens at different conrining Stresses while maintaining 
equal embedment 1S provided in Figure 6-11 for the 15.19 
inch embedment length. Figures 6-ie tnrouegh 6-16 are 
Imdividual plots of the five tests. Table 6-4 18 2 
cc omore tile E€SSemntial data achieved as a result of the 
analyses. Photographs were taken of the falled geogrids 
tested in the analyses and are provided in Figures 6-17P 


throwsgn 6-19P. 


WeromallmmaversSus ori zontal deflection curves exhibit 
the elasto-plastic behavior which would be expected for this 
Material. Tne effects of both confining stress and embedment 
Nemeth are as expected. In the two specimens which failed by 
pumerout the alpna/deflection curve flattens out and the 


Siape wool tielane toethat observed for soils. However, 1n 


eae 


*s vf 


aoe 
* 3p # 
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4 ae. 
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O) 


those specimens where tne trailure mode was Dy rupture, 
increasing values of alpha were observed with increasing 


rates of céflection until rupture 19a) yeeros 


Under difterent boundary conditions three modes. 


failure are possible. 


If the geosynthetic 18S under Nigh continine se. 
and/or 1s placed with long emredment lengths, large strains 
develop in tne longitudinal strands adjacent to the clamp: 
Small translation prevent rotation of the nodes andar 
The large stralns result in rupture in the longitudiae! 
strands adjacent to the clamp. This failure mode 1S déepictee 


in--F yeures 6-175. 


Under moderate confining stresses and/or moderate 
embedment lengths, large translation occurs which results 
both rib and node rotation. The rotation of the mids =coul 
with the translation of the seeoeerid results eiae 2s 
development of passive pressures. The large translation of 
the nodes and rotation of the ribs leads to @reéase0 7a 
stress concentration in the area just to the tronteo te. 
node. When this occurs either the long1ltudinal js Gea7e 
ruptures or the rib delaminates (peels away) from the 
lone ltudinal steand:. Both mechanisms may be observed 
throughout the geogrid as shown 1n Figure 6-18P. A condition 


may exist whereby all of the ribs delaminate tromethe 





I CFS I er ea 
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) 


Baer e yWwitaouc any rupture of the longitudinal strands, 


this mode 1s shown 1n Figure 6-19P. 


iAmeie cont rd +atmme mode, wilch would occur at low 
confining stresses and/or small embedment lengtns, a so1]l 
Shear plane develops 1n an area adjacent to the ribs. In 
Grempeorria, the stress and Strain distribution are 
Gelatively comstamt over the length. Interface friction 
DoagGame vers ay oe Geterminea for this fartlure condition. 
MearPewtranstations May result tn the rotation of the nodes 
and ribs. Due to the small confining stress, however, the 
Mecti@eslat Omens mlmsitthco lent to result) in delamination of the 
gprid. Hence, a yield plane develops within the soil outside 


O= tCaetribds. 


lm Summary, Of the five geogrids examined in this 
tive sieleatlome two tatled by the delamination mode and three 


Dy lomertudinal strand rupture. 


The unconfined tensile strength of the geogrid 1s 
3000 pounds/foot (Appendix D). In the confined analyses 
WMeaeheu OMe meuatmalsruiptumre dominated the fallure mode, 
the confined tensile strength was approximately 4500 
Peadnass,rOOt. —Firtectional forces at the interface acccunt for 
Pee additlionate Odd Garrying capacity of the geosynthetic. 
In the case where delamination was the predominant failure 


Heaewetoes specimen Under a confining stress of 840 psf 





; Talled at 3110 pst while the specimen under 13900 es 7 soe 


confining pressure falleq@ at 4 ees 
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GRADATION CURVE FOR CONCRETE SAND (Cu = 3,1) 


FIGURE 6-1. 





oho 









a EE AN SOD TE CI COE LC SF I TE I LE 


° Ay mal. Bo taeat aie ‘ ue a ‘ elaikd y 


98 


G Re AP nd pals =< seats -_ 7 





NYZ +- 


ANUNO 
ALISNAG 
TUNIS TOWN - 


e » ma“ °°. * Loc Samet pie 2 





ioe ise ors) 











Ye a . 
-« « # # 2 8 s we 


QNVS ALAYONOO YOd AANNOD ALISNAG AUNLSION °72-9 AUNDIA 


Ca 
92 bZ ZZ AZ BT 


see Ff °°, @ wa, «A « SE 


‘ENALNOD FYUNLS 10H 
ST viet Ul se 9 be ee 


BOT 
SUT 
BTT 
Sty 


B2T 


oles tof C7 


’ Am L.°; re Maer - 6 5° e o§ a; ae ee 





(god) 
THI TIM 
LINN 
AUG 


: 


RELAY 2 DENSI Ty 


mold Dimensions: 

Pre (15) : Sree pas 
Bemeh (in): = OR 
me. (ft*3) Ono 


e (max) Determination: 


ag 





Wt Mold We se2l) Wt. Soil Void 
& Mold Ratio 
{Ee} ce {zg} {e} 
35183 717 S 3660 1.08 
eSis 71,56 364 POoPOry. DenaLey (mam) =) 79. 
Seic TLE? 364 ioe 
e (min) Determination: 
Git Seoul Defl. Vol. Void 
Ratio 
eS) sb ocinly Pet. 3; ver 
3660 ip2c4 0.0867 0.655 Dry Density (max) = 100.0 pef 
3640 1.279 0.0801 OeS52 
2649 228 0.0808 0.662 


meeue 6-1. RELATIVE DENSITY 


DETERMINATION FOR CONCRETE SAND 
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TABLE 6a 
RESULTS OF PULLOUT ANALYSES 


est Emoecment Comseining SAluna WwW e Phe! Fallure 
pes Penne Stress (Sis, Mode 
] (1n) (psi) Pee) 7. 7. 


a a a a a | 
- = = -« = 2 2 Fe es = ee eo ee |= 2 Fe Fe Fe ee —- 2 eo ewe F— YF /|y— | ZF |F ZF FF FF TF | ZF we | fF | fF| | | | f= | fF 2£| f=F | £|= | |= 2£f fF |= | = «= 


7 ! 42.45 730 4520 8.0 .85 54.7 ruptume 
rad 1a. 25 (ote) 4566 14.4 .,.90 43.3 ruptime 
3 5 1 See 780 3030 14.6 .63 59.3 pullcem 
= 15.19 1530 4320 iS.e .6e 61.6 Fup cinee 


* 5 12. 25 1530 4110 15.3 .83 60.2 pullout 


geeosynthetic layer plus bladder pressure. 
e - Pullout indicates delamination ct all rib mer en 


3 - Rupture indicates fatlure of the lcnritudira 
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The rate at which geosynthetics will Be Wseceiaeee 


Ci 


onstruction industry will undoubtably continve (on... ee 


O 


me ofr tne major unknowns in the design oF Eeos7ntae es 
reinforced structures 1s the Creep and Conti ean) ee 
benavior of the composite structure. A better understanaeae 
ort confined tensile strength and creep of geosynthetics yaaa 


lead to better predictions and more cost effective designs. 


Confined tensile strength and creep of ge0SYnNthe wee 
are complex processes which dare a fUMNGt1On 62 iseveua 
parameters. These parameters can be broken down intone 
broad areas: those pertaining to soil cNaracteristics,. tea 
Fertaining to the geosyntmetic proeertles ana. eaooe 


pertalning to the environment. 


Presently three methods Nave been developed for the 
analysis of conrined tensile Greep and Gentineds 
strength: a direct sh@ar test, a pullout anaeysis e220 
triaxial test. Many of the cevices used In the ana). 
however, Nave severe limitations due to the peundary 
conditions imposed by the device. These Doundary Congr. 


may Gdrastica’ly af m@c verses w lee 


Mumerical models Nave been proposed tor the anal 


of polymer creep in-1solation and for sells eiicenoas 


Lis 


NE OT 


mewever, Ras ret seen developed for the two materials 


Wornins as a Composite. 


pepe ame Cn ocale rw: 1out 7 Creep Device (LSPCD) has been 
@estened, tabricated and tested at various boundary 
conditions. The LSPCD nas a broader range or loading 
aoa wee CAM NehevLVous InStrumentation. Confining stresses 
may range between O and 14400 psf. Pullout loads up to 165330 


Pounags May be attained with the device. 


Pociomerete Sand was Utilized in this investigation. 
Mire VOLad Taclo.os this sand was easily controlled through 
the use of either the manually operated ram or the pneumatic 
drop hammer. The manually operated ram was chosen for most 
Sheet hecmtesotowas Lt, Gld not scatter the soll] as much as the 


Pneumatic Nammer. 


For the geogrid tested in this investigation tne 


tTOllOWIng conclusions may be drawn: 


ae (eomaGiilieGQatemaile Strength of the geogrid 1s 

VyYercalty mighner than the wide width tensile strength. 
POretmempDoUundary Conditions evaluated, an increase 1n 
Cemstwe Sstceneth of 1504 was measured for the Signode 


THA-250 peogrid. 
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shorter in embedment length will fail at lower weon. ane 


tensile strengtnrs and with lar2zsr Borlzor 


3. Under conditions of equal confining Stress 22) ee 
of the geogrid occurs at distances further away fone 
clamp until the geogrid is of such lenrPtn tem eneecuee 
pullout. Therefore, embedment length may Sleniticanue 


affect stress and Strain CGistribution im the 2eereae 


% Relatively small deflections were required 2 ope... 
material to achieve high confined strength. Tieretonrce 
the SIGHODE TNX 250 georgrid 1S an idéal material 4oneee 
in retalning walls where large deflections woule vee 


intolerable: 


5. Under conditions of equal embedment length. increased 
Pressures will result in larrer cContined tens 


Sstrengtns and decreased Norizonta!l dettecliea.- 


6. The mechanisms of stress and straln Vary ac en 
different boundary conditions. Tnree possible w: aa 
modes exist under different cC@ses of SDouUnca,., 


GCOnG lc Lroms: 
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Poo seo eee see Osyvatcoet2c VWs placed under a 


Mueiahelrwmwal Stress 4 en) and/or nas a large embedment 
Memetiy (Le). Tre total torce developed ( a.) in the 


Peoescwmtne testis the result of two zactors; the tensile 
strength ( Ty) Ot time lone rtudinal strands and; the 
Silieace torces Which are mobilized on the failure plane 
Mietiae  sOll. Because of the confining stress and/or 
Pie meMenorrie mechanism Provided by the embedcment 

Wen ee, se tirans lation “Of the ribs 1s prevented. Thus, 
the longitudinal strands adjacent to the clamp are 
MaGgerpemtem levels of strain. The increasing stress 


post Miesmilinwer wp ture ot the longitudinal members 


adjacent to the clamp. 


Srnede li: 


Moderate confining stresses and/or a moderate 
embedment length characterized this mode. The total 
force developed within the geosynthetic is the result 
Oe wtme Celamination strength of the nodes and the 
SecaeestiecirRtl MODLItzed on the fallure plane in the 
Sone lmewscOntra translates due to the moderate 
Sirti tie ePpressures amMd/or the shortened embedment 
LW ents atranolatlom results in a rotation of the 


Glpsw when translation continues, the ribs delaminate 
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from tne longitudinal stands. However, sen teme ae 


~m-y3 
Micctnnatalels 


Gelamination, stress concentrations Gevelerw ae 


area adjacent to the node whlecn may result in tae 
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of the longltudinal member prior to eelantca 2. 
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The fai1lure mode is characterized by a large 


translation of the nodes, deflection and roetation me 


the ribs, stress concentrations at t*hevwrecdesea.. 


delaminatlon oct tneeels =. 


e HUode 1i:: 


Low confining stresses and/or small embedment 


a a ee) 
j*s 8 e 


lengths characterize this mode. The shearvstrescman ‘. 
ne interface 1s the only component whieh eresul toa 


the development of force in the peorsricd. Due to the 


beetle ete 


low level of confinement large translations may be 


>» 


expected with Small detlecticrs oF tye vrue= The qt ud 


would be expected to distort very litle In this meacer 


The conclusions regarding Mode I[1i Mave Mew been 


confirmed by analyses, however. 
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moeem ReCOMmIaNDED MODIFICATIONS 


tae 2ollowing “Imerovemwen.s are recommenced to 
provice either more efficient operation of the device and 
mere accurate data which may be duplicated in other 


laboratories. 


Po reeeity the pressure system to provide strain rate 
Gomtrol, srresemtly the system is stress controlled. 
More consistent results will] be obtained with tne 


Miter oawGt 1OMmaor strain control. 


2. The LSPCD 1s presently manually operated by altering 
RepliveaAroOmeapressure. [mM COnNnJUNCcCtION wlth strain control, 
a control panel would greatly facilitate operation of 
the device. The control panel would integrate all 


mechanisms for the device. 


3. If geosynthetics continue to be tested which are of 

bempems =sUpsctantlally shorter than the LSPCD, a channe!] 
should be attached to the side panels and a shorter lid 
Cons vemucted. This would facilitate lid removal, 


extractlon and recompaction of the soul. 
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Several avenues of approach may be taxen Usinewce 


LSFCD as e@lther a design or researciee!, | eeece 


1. Creep experiments Were not conducteq 1A5c 7 
Investigation. Creep studies should be carried ouueane 
comparisons made to Rate Process Theory, the Mitchel!l- 


Singh model and otner numerical relationsiros. 


€. Much work remains in the development of const .e1e.. 
relationships for confined geosynthet tc Creem me tecse 
relationships would both benefit 1m the phys lea ian 
chemical design of the geosynthetic and in thevdeste ao 


Structures Utllizine ce0syunrnecl.;. 


3. Tests conducted in this investigation were condi eea 
on one geogrid in a particulag soil. In ohae0 ce wea 
variety of solls and conditions will be eneountere.: 
Pullout and creep benavior of geosynthetilces enecapsuiared 


in these other materials should be investigated. 


“4. In the pullout device, stresses na St92a 07a 
maximum at the clamp and progress tO ZeEro atytie woe. 
end. Presently, no method has been developed which can 


accurately measure these varying Stralns.) .onnws 
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Presently underway at the Georgia Institute of Technology 
BOm@me Lice amMmplexrelass Bullout ox and X-rayy~ analyses to 
MOonltor tme strains of a geosynthetic impressed wiih lead 


beads. 


See ones a limited range Of pressures was used in this 
investigation. Void ratios were Kept approximately 
SOnStanmeur Properties and conditions need to™be varied 
over a larger range 1n order to develop meaningful 


relationships between these parameters. 


Som. comery oage lil, the condition of low confining 
Senmess ama/Or short embedment length, pullout tests 


should be conducted at low pressures. 
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Peo wee eoea basic SrCrran Woicn 1s used to: 


iA ose tle startling agdreess of the LABSMASTER 
Board, 

e. Receive input parameters of specimen geometry and 
ee: 

Sue rovice filexibDility to the user with regard to 
hestineg interval, 

4, Retreive digital pee from the A/D converter, 

See natwematreally Gonvert the digital data to force 


or displacement and, 


Gaeeie in a toeemresults. 


Variables utilized in the program are listed on Table aA-tl. 
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Povem~ etme coOmputer 1s booted with the MS-DOS systems 


disk the proceedures listed below are followed: 


1. Repiace the DOS systems disk with the LABPAC eé. 1 
Gush, sat the A prompt type: 
A> Labpac 


eon wnen the A prompt reappears type: 
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4. Hit the Fe function Key to execute tChemero pea: 

5. The program will request two 1nNDUtY paramecerc. 
specimen width and time. Enter the specimen widtiweee 
inches and the time in the tormateiaww. 

6. Values for the J.VDT, ALPHA, Vscadvande ines 
displayed on the screen. The LVDT is adjusted) tome 
Limit Of 20S ee an name. 

T. Ctril-PrtsSe is depressed to Send results ton 
printer. 

&. Selected data points are entered onto dist oa 


access Dy MICROSOFT CHART sot tvare. 
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READ INSTRUCTIONS CAREFULLY BEFORE ATTEMPTING TO INSTALL, OPERATE OR SERVICE DAYTON 
HYDRAULIC CYLINDERS. FAILURE TO COMPLY WITH INSTRUCTIONS COULD RESULT IN PERSONAL INJURY 
AND/OR PROPERTY DAMAGE! 


RETAIN INSTRUCTIONS FOR FUTURE REFERENCE. 


Unpacking 


Inspect contents for possible shipping damage. Make 
Sure port plug (1), pins (2), SAE to NPTF adapters with 
O-ring (2) and clips (4) are included. 
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These Dayton Couble-acting tie rod hydraulic cylinders es als Le 
are Cesigned for heavy duty applications in agricultur- Ss oan eS nen! (onal 
al, transportation, and construction equipment. The 
Cylinders have a maximum operating pressure of 2500 
PSI. Units have SAE O-ring ports to eliminate leakage. ; , 
NPTF adapter fittings are included with cylinder. Figure 2 — Dimensions 






Figure 1 









Specifications 
AREA & FORCE CHART FOR 2% to 5° BORE CYLINDERS 


PUSH FORCES PULL FORCES 


EGRECTIVE FORCES IN LBS. @ PSI FORCES INLBS. @ PSI 
AREA 1000 1500 2000 2500 


1000 1500 2000 2500 

4.91 SN 7365 9,820 12275 3.680 5,520 7,360 9,200 

7,070 10,608 14,140 17.675 5.840 8,765 11,680 14.600 

9,670 15,430 19.240 24.050 8.400 12,590 16,8CO 21,000 
12,560 18.840 25,120 31,400 


10,160 15,240 20,320 25,400 
19,630 29,445 39.260 49.075 17,290 25,845 34,460 43,075 





































BORE 






EFFECTIVE 
AREA 


































HYDRAULIC CYLINDERS DIMENSIONS 








(*)SAE O-ring ports 
tBurlt in accorcance to Arencan Society of Agricultural Engineers specications. 
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2s Overpressure msy cause succsn failure. 
woul 
J. “axe sure Pressire has been retieved in hydraulic 
unes Cefcre instaing cy!incer. 


4+. Keep cylincer roc from contacting any ocect wnich 
may Camage tne red. 


4 
9. Do not cvertighien fittings. Acply only encugh 
torque for ereper sealing. 


6. After instaliing clevis pins, make sure locking clips 
are Secure: 


7. Consult specifications and make sure the hydraulic 
cylinder siz2 1S appropriate to the acolicaticn. Do not 
use an uncersized cylincer. 


8. Use petroleum based hydraulic oils only. 


Assembly 


The cylinder has two hydraulic line connect:cns atthe 
base end. Select the connection iocaticn that best lits 
the appicalion and plug the other with the pipe plug 
supplied. Use supplied adaptors if connections are 
NPT ining s. 


Installation 


CAUTION: Use petroleum based hydraulic oils 
only. 


1 Relieve all pressure tn hydraulic lines before in- 
Stailing the cylinder. 


2 Adjust rod lengtn to fit the application and 
tighten the rod clevis lock bolt. 


3. Select thehycraulic connection atthe base of the 
cylinder that Dest fits the installation and plug 
the cther with the pipe plug supplied. 


4. Clevis should be unthreaded no further than to 
the point where rod threads are flush with the 
inside of the clevis throat. 
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Operation 
; - 
Air MUS Se “eMcved trom Me syle os 2am 
STOO Coetdace: 


¢ 


2. iftnereisairin tne cylinders. looser the nycraulic 
nttings slightly «nile cperating tne cylinder ata 
light load. When a steady stream cf hydraulic on 
Is seen from the fitting, retighten the connection. 


J. Ga not crersis Syiwder al Pressures Aigner ame 
2260 Fol 


Maintenance 


To repair the cylinder, the following procedures 
should be followed: 


1 Be sure you have the proper replacement pack- 
ing kit. 


2. Relieve all pressure and loads on the cylinder 
and remove from equipment. Plug all hydraulic 
connections. 


3. Orain oil from cylinder. 
4. Loosen and remove the four tie-rod beits. 


With a soft-head mallet tap off the gland and 
outt castings from the tube. Pull the piston rod 
assembly from the tube. 


6. Clamp piston rod in vise with sok jaws and re- 
move ‘oc*¥nut. Pull gland off rod frorn piston and 
clean all parts. 


7. Remove and replace all seals, making sure the 
two harcest large diameter O-rings are used on 
the gland and butt castings and the one softer 
O-ring iS used On the piston. a 

&. Slide gland and piston on piston rod. Install lock: 
nut and tighten securely. 

9. Slide tube over piston and tap gland into tube. 
Tap butt into other tube end and align so tie-rods 
can be installed. 


10. Install tie-rods and wrench tighten evenly. : 


TORQUE REQUIREMENT CHART 





11. Reinstall cylinder per installation instructions. 


Trouble Shooting Chart 


SYMPTOM 


Leakage around 
piston rod. usa. 


. Seal has been cut from knick in rod. 


Cylinder will not hold 
up load. usa. 


' & 
. Seal has been cut from score on 


tube walls. 





——_— — 


. Rod seal worn out from extensive 


. Piston seal worn out from extensive 


POSSIBLE CAUSE(S) 


. Repack cytinder. 


. Repack cylinder and replace dam- 
aged rod. 


. Repack cylinder. 


. Repack cylinder and replace scored 
tube. Check for contamination in hy 
draulic oil. 
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Macnctbend 2014 and Macnetend 2014-1 are epoxy resins which find many areas 
Of arclicaticn in laminating, casting, and achesives. For ycur 
convenience Magnolia has charted the most porular curing agents for use 
with these systems. Selecticn of a curing acgent will cevend con use, 
Mersing time, and possible cure tines. 


» Tt 


> PF 


Fpoxy systems based on 2014 will be lcwer in viscosity than those systems 
Eesea cn 2014-1. 
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Carefully select a curing agent for your neecs because the harcener 
dictates the type and kind of cured epoxy system ycu will have. All mix 
ratios are by weight. Carefully weigh each ccrponent, A and B, and 
thorecchly mix for 3-£ minutes by hand or 2-3 minutes by power stirrer. 
Immediately after mixing you must be concerned with your working tine. 
Check the chart to see how much time ycu have to use the mixed material. 

OTIGN: Working times given in the chart are based on 3 ounces of mixed 
material at 77°F. Epoxy systems are mass and temperature dependent. The 
higher the terperature, the shorter the working time and vice versa. 
Larcge volumes of material should not te mixed at one time due to the short 
working time and violent exctherm. Limitaticns for mixed material by 
volume are incexed in the chart. 
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Epoxy systems cure compatible with most universal tints available at paint 
stores everywhere. 


SUPEAC ay PREPAPATI( N 


Epoxy systems are tenacious achesives to all but a few surfaces. BSest 
achesicn can be achieved throush preper surface preparaticn and 
non-achesicn is possible throuch use of a release agent. 


CUPS 


BOCK D 2014 and MAGXBCD 2014-1 will cure at room temperature with any 
or the harceners in the chart. Cure may be accelerated by heat. Consult 
a Magnolia Technical Pepresentative for technical assistance. The 2014 
and 2014-1 systers will cure sufficiently for handling after an overnight 
Cure at rocm temperature and achieve full strength after 3 days at 77°F. 
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CURING AGENTS TCR MAGOCLIA Comeee rs 200 oe 
castes | 6 eee 2a at ee is 
e General Purpese Bending 
- Good (nenical Casting 
USES Fast cure in Resistance Achesive Bonding Boat Repair 
“e thin secticns Laminating Laminating Lew Viscosity Laminating 
es, 
bax) RATT 2:1 by vol.* 
pow 100:25 100% 25 LOGE 35 100256 1:1 Byevows 
“-OFKING TIME 
wh 3-07 .877°F 7 minutes 20-25 min. 28-38 min. 80-390 min. 4 hours 
oe. ee 
a a7°8 2-3 ‘Reurs 3-6 hours 12 hours 24 heurs 18 hours 
THICKNESS | 
cum 1/4 aren V4 inch V2 inch 1 inch 1 inch 


nUse 2 to 1 for test water and hich temperature resistance. Use 1 to 1 for acced flexi ae 


rt all time wear protective gloves and clothing while using these epoxy systems and always use 
Fin a well ventilated rocm. Although these systems are relatively nem-toxic, Sensitivigyeee 


“these thermcsetting ccmpouncs varies frem indivicual to indivicual. 


~ 


ey 
cs DOE ; \°) 

May cause Severe irritaticn. Eyes - Inmediately flush eyes with plenty of 
«0 MOt Get into eyes, Cn skim or elecaina. water for at least 15 minutes. Ger 
(“90 not inhale vapors. medical attention. 

Use with acequate ventilaticn. Skin - Wash immediately with soap and water. 
wash thoroughly after handling. Clothing ~ Remove clothing and wash before 
“or Industrial Use Ghly. re-use. Destroy shces that cannot be 
“<eep container closed. Cecontaminated. 

Do not re-use this ccntainer. 
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ieeneli 22: BASICS ~fSU EAN 1G E) Paaaes 
148 = 
Poe ww MOL ON A ROY ne Ae Nel Cc Agi DAT ee ay 
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eRODCCT min 2o0) Gessric , 
pois ot EO YeSeou (FPOlyeecsylene Terenhthalate) = 
COLOR Blacx : 
ae 
MECHANICAL PROPERTIES Machine Goss ca 
Obi gialenc lela Bacrecelon “a 
Ultimate Wide Width ry 
mensile Strength: TUOGMl as, ic 3000) 1as7 tc | 
meelLongation At Break: 8% 8% = 
eee secant Modulus: Sa 70001 bs/7 ft 54 ,000NLSS/L< : 
mee oecant Modulus: 732,000 15s/Et 7o2000 lbs 
Creep: Polyester inherently exhibits superior resistance 
Momence potaan many other polvaers. 
fepeee-Ullouc:) Preliminary results indicate pullout resistance 
CyeeraS see eSnear Strengen of Ghe esol). 
' : , MACHINE ORE STION 
ENVIRONMENTAL EROPERTIES PRO LENGTH) 
; al , - a te eit 
moemicaily stable - L . 
Bma-tected by naturally " 
@eetering soil conditions Se _-SROSS STRANO 
= (2476 igo) 
Seeollized against U.V. 
degradation aenc MACHINE 
DIRECTION 
° ‘ ; . OIRECTION 
Beaains elastic with no ee ak a NOOE | S TRANG 
meretlencss to - 50°F va f ee) eae) 
Baolegically Inert ¥ | 
i 
Pye. LACBLE ROLL SIZES 
Memgun(s): 155 ft 1S oma~ | 
Weight: mee bbSmelo2 Los { 
a Ane: ru SE 
Area: 100 yds? 200 yds- [ Peete ] 
j i i | 
te: Reported grid tensile strength and modulus bauatd on test procedures which were {in general] 


cordance with proposed ASTM Committee D-35 method for Wide Wideh Serip Tensile Sctrength Test. 
ople size: 3 strands wide X 4" pauge lengeh. Serain Rate - 104/min. 
ie data presented 1s pr:liminary and subject to change without nocification. 
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